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Objective. To describe the use of an online spaced-education (SE) game to study top 200 drug
information in a first-year skills laboratory course.
Methods. There were 236 students enrolled in a voluntary online SE game across two semesters.
Fifteen multiple-choice questions (MCQs) were sent via email in the fall and spring semesters focus-
ing on cardiovascular and neurological agents, respectively. The online SE game delivered two
questions every 2 days and re-sent questions answered incorrectly after 7 days. Two correct answers
were required to retire a question. Top 200 drug knowledge was evaluated with an examination at the
conclusion of each semester. Levels of engagement with the game, differences in performance
on game MCQs, impact on top 200 drug examination performance, and student perceptions were
evaluated.
Results. There was a high level of engagement in the online SE game in both the fall (83% partic-
ipation) and spring (73% participation) semesters. Participants improved the percentage of MCQs
answered correctly by an average of 12% in the fall and 5% in the spring. Use of the online SE game
did not significantly affect top 200 drug examination performance or retention of top 200 drug in-
formation. Students’ self-efficacy to recognize brand/generic names and common indications signif-
icantly improved after use of the online SE game. Student perceptions of the game were positive.
Conclusions. Use of an online SE game did not significantly affect top 200 drug examination scores
despite high levels of student engagement and positive student perceptions.

Keywords: skills laboratory, top 200 drug information, spaced education, educational game, self-directed
learning

INTRODUCTION
The 2016 Accreditation Council for Pharmacy Edu-

cation (ACPE) Standards emphasize the development
of “practice-ready” and “team-ready” graduates who
can thrive in the evolving landscape of pharmacy practice.1

Foundational knowledge of commonly usedmedications,
formulations, and drug products is listed as a key compe-
tency (Standard 1.1) and is expected of practicing phar-
macists as the “medication expert” within the health care
team.1,2 Students should be able to demonstrate knowl-
edge of brand and generic names, dosage forms, usual
dosing ranges, and the mechanism of action of the top
200 medications.2 Top 200 drug information is defined
as knowledge of the aforementioned facts in addition to
common indications and uses, drug classification(s), and

patient counseling points. In addition to the key elements
of foundational knowledge and the ability to provide
patient-centered care, programs are encouraged to in-
clude opportunities for student independent study to foster
the skills, attitudes, and values necessary for self-directed
lifelong learning.2 Developing self-directed learning skills
in drug information to stay current with commonly
used medications is an important skill to foster in the
curriculum.

While instruction of top 200 drug information is an
essential piece of pharmacy curricula, there are few pub-
lished studies evaluatingmethods for teaching and assessing
this knowledge.3-6 This content is frequently taught in lab-
oratory or recitation components of pharmacy curricula.7

Wilson and Scolaro assessed fourth-year student percep-
tions of top 200 drug information activities in a pharmaceu-
tical care laboratory course series.3 During the course series,
students were responsible for compiling information on
brand/generic names, therapeutic classification, and Food
and Drug Administration-approved indications. Many

Corresponding Author: Karen R. Sando, Nova Southeastern
University College of Pharmacy, 3200 S. University Dr.,
Davie, FL 33328. Tel: 954-262-4325. Fax: 954-262-2278.
E-mail: ksando@nova.edu

American Journal of Pharmaceutical Education 2018; 82 (7) Article 6324.

808

 b
y 

gu
es

t o
n 

M
ay

 2
3,

 2
02

3.
 ©

 2
01

8 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

of
 C

ol
le

ge
s 

of
 P

ha
rm

ac
y

ht
tp

://
w

w
w

.a
jp

e.
or

g
D

ow
nl

oa
de

d 
fr

om
 

mailto:ksando@nova.edu
http://www.ajpe.org


students used study tables or flashcards to compile and
review information. Overall, 93% of students felt the
exercises for learning top 200 drug information were
useful, with the self-directed learning activities (eg,
flashcards and review tables) ranked highest in their
perceived usefulness. While students felt this content
prepared them for rotations, they mentioned they had
difficulty retaining the drug information.3

Methods to improve long-term retention of learned
information has been extensively studied in psychologi-
cal and educational literature. Studies have manipulated
the timing of repeated exposures to information and then
measured the resulting effects on memory retention.8

These studies find that learning is betterwhen two ormore
exposures to information are separated in time (ie, spaced
apart) than when the same number of exposures occur
back-to-back in immediate succession.8 The learning ad-
vantage for information that is repeated in a “spaced”
fashion is commonly referred to as the spacing effect.8

This is contrast to “massed practice” when information
learned is grouped or concentrated with no delay between
study sessions.8 The best example of massed practice is
a student cramming prior to an examination. The student
may perform well on that examination due to short-term
retention of knowledge, however, when that same mate-
rial is tested in the future, students tend to perform poorly
because they did not retain the information long-term.

The spacing effect has been applied to health profes-
sions education, primarily in undergraduate and graduate
medical education.9-12 Kerfoot and colleagues reported
on a novel online educational game that combines game
mechanics with an evidence-based form of online educa-
tion termed “spaced education (SE).”12 Based upon two
psychology research findings (the spacing and testing ef-
fects), SE delivered in an online format has been shown to
improve knowledge acquisition, boost learning retention
up to two years, and durably improve clinical behavior.12

The SE game is delivered using periodic emails contain-
ing clinical case scenarios with multiple-choice ques-
tions.12 When students submit an answer, they receive
immediate feedback on the correct answer choice and
an explanation.12 The material is re-presented in a cycled
pattern depending on the participant’s performance on
a question, which allows for an individual pattern of SE
reinforcement through adaptive gamemechanics.12Online
SE has also been successfully adapted as an educational
game for teaching and assessing core content for medical
students and residents.12,13

To date, no published studies have applied the use of an
online SE game to studying top 200 drug informationwithin
pharmacy education. The purpose of this study is to describe
the use of an online SE game to allow for self-directed

studying of top 200 drug information in a first professional
year skills laboratory course.

METHODS
The University of Florida College of Pharmacy is

a four-year distance-based program with campuses in
Gainesville, Jacksonville, and Orlando. In fall 2015,
a new curriculum was implemented to better prepare
graduates to engage in advanced pharmacy practice and
to achieve educational outcomes described in the 2016
ACPE Standards.1 Along with the implementation of
body-system focused courses, a longitudinal Professional
Practice Skills Laboratory sequence (six semesters) was
established to teach essential pharmacy practice skills in
the pre-Advanced Pharmacy Practice Experience (APPE)
curriculum. The first year Professional Practice Skills
Laboratory (PPSL) course began in the fall of 2015 and
consisted of 236 first year (P1) pharmacy students
assigned to four 2-hour laboratory sections at the Gaines-
ville campus (n5120), two 2-hour laboratory sections at
the Jacksonville campus (n544), and three 2-hour labo-
ratory sections at the Orlando campus (n572). Thirty
students were enrolled in each laboratory section. Within
each laboratory section and throughout the P1 curriculum,
students were assigned in teams of 4 to 6 students. The
PPSL course in the P1 year is delivered in a blended-
learning format. Students view recorded lectures and
readings prior to laboratory and are expected to engage
in roleplay with teammembers or assessment of essential
pharmacy skills during the laboratory session.

Top 200 drug information was established as a cur-
ricular thread to be taught and assessed within the PPSL
course series. The level of drug information students are
expected to learn builds each year of the curriculum and is
assessed at the end of each semester with a 50 to 75 mul-
tiple choice question (MCQ) examination (Figure 1). Stu-
dents were required to purchase Sigler’s Prescription
Drug Cards (31st edition, SFI Medical Publishing) prior
to the start of the P1 year to help them review top 200 drug
information. A list of approximately 100 of the top 200
drugswas provided in aMicrosoft Excel (Redmond,WA)
sheet on the course learning management system and di-
rected students which drugs to study for that semester’s
examination. Students were informed that learning top
200 drug information was a self-directed component of
the laboratory curriculum and that class time in laboratory
would not focus on teaching this information.

Prior to the start of the new curriculum, the course
coordinator secured internal award funds to purchase
a subscription to the online SE game for use during the
PPSL course. Within the online SE game, instructors de-
sign “challenges” consisting of MCQs that are delivered
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to students using periodic emails or app notifications
(Figure 2).12 The program is compatible with various
computer platforms (eg, PCs, Macs, tablets) and may be
downloaded as an app for iPhone/iPads. Upon submitting
the answer, the student is immediately presented with
the correct answer and rationale for the correct answer
choice. Additional information about the brand/generic
name and indication(s) for each answer choice are also
provided as feedback to the student to reinforce learning
of top 200 drug information. The number of questions
presented to the student in each email, frequency of de-
livery (eg, every X days), number of attempts to retire
a question, and re-delivery of questions after correct or
incorrect answers can be adjusted by the instructor. The
online SE game also allows for competition between stu-
dents by displaying how the class responds to a question
and tracks points for both individual performance and
team performance.

In September 2015, odd-numbered teams (n5122)
in PPSL I were invited to participate in a voluntary chal-
lenge focusing on the cardiovascular drugs included in
the assigned top 200 drug list. Even-numbered teams
(n5114) in PPSL II were invited to a challenge focusing
on neurological drugs included in the assigned top 200
drug list in spring 2016. Each challenge using the online
SE game consisted of 15 MCQs on brand/generic names,
therapeutic class, and indications for the assigned drugs.
Points were awarded for correct answers and additional
bonus points were awarded for the speed of answering
a question (within a 30-second time limit). To protect
student identities during the challenge and to foster team
competition, aliases were assigned to both the individual
and team using an adjective and animal naming conven-
tion (eg, team name5 sea lion, individual name5 ener-
getic sea lion). Leaderboards displayed top team and
individual participants using the assigned alias. The top

Figure 1. Top 200 Drug Information Curriculum and Assessment Plan.

Figure 2. Online SE Game Mechanics.
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overall individual and team finisher were recognized by
course faculty with a small prize (monetary value approx-
imately $20) at the end of the challenge each semester.
Participation in either the fall or spring challenge was
voluntary and did not contribute to the course grade. No
additional incentives (eg, bonus points, dropped quizzes)
were provided for participation.

The online SE game software provides reports de-
tailed student and cohort performance to the instructor
at the conclusion of the challenge. Cohort proficiency
provides the percentage of students answering the initial
presentation of a challenge question correctly (initial %
correct), the percentage of students answering the current
or most recent attempt correctly (current % correct), and
the percentage improvement between the initial and cur-
rent question attempt (% improvement). Student engage-
ment in the game is also reported and classifies students
as very active (responded to questions within 2 business
days), active (respond to questions within 3 to 7 business
days), or not started (never attempted challenge ques-
tions). The engagement report also provides the number
of students who finished the challenge in its entirety (ie,
the student was able to retire each question).

Following conclusion of the challenge each semes-
ter, students were invited to complete a voluntary online
16-item survey to evaluate changes in self-efficacy with
top 200 drug information learning objectives in a retro-
spective pretest-posttest design (Appendix 1). A retro-
spective pretest-posttest design was chosen to minimize
response shift bias which can occur with traditional pre-
test-posttest survey design.14 Other survey questions
evaluated student perceptions of the online SE game to
study top 200 drug information and overall study habits
for top 200 drug information in the course. Students were
invited to complete the survey via an online course an-
nouncement at the end of the semester. No incentives
were offered for completing the survey.

All students in PPSL I and PPSL II completed a
multiple-choice examination on top 200 drug information
at the end of the fall 2015 and spring 2016 semesters,
respectively. Question categories and distribution on the
examination were dictated by the number of representa-
tive agents on the top 200 drug list provided each semes-
ter. The fall 2015 examination contained 50 MCQs on
97 of the top 200 drugs. Cardiovascular agents consisted
of 50% of the examination (25 questions). The remainder
of the examination consisted of respiratory (14%, 7 ques-
tions), pain (23%, 12 questions), topical (4%, 2 questions),
women’s health (4%, 2 questions), and miscellaneous
agents (4%, 2 questions). The spring 2016 examination con-
tained 75 MCQs on the remaining 103 medications on the
top 200 drug list. Cardiovascular agents (33%, 25 questions)

were placed on the examination to evaluate long-term re-
tention of this material. Neurological agents consisted of
50% of the examination (25 questions) along with endo-
crine (15%, 8 questions), gastrointestinal (15%, 7 ques-
tions), and infectious disease (20%, 10 questions). The
examination was delivered via ExamSoft (2016, SofTest
v11.0, Dallas, TX). A minimum cut score of 80% on the
examination was required for students to pass the top 200
drug information curricularmilestone. Students notmeet-
ing the 80% cut score were permitted to take the exami-
nation a second time.

Difference in top 200 drug examination scores be-
tween online SE game assignment (fall or spring semes-
ter), including performance on the cardiovascular agent
questions, were evaluated using the Mann-Whitney U
test. Differences in fall and spring examination scores
across student levels of engagement (very active, active,
not started)were evaluated using theKruskall-Wallis test.
Differences in student engagement levels by assigned
campus were evaluated using the Chi-square test. De-
scriptive statistics were used to describe cohort perfor-
mance with the challenge questions for each semester
(initial % correct, current % correct, and % improve-
ment). Comparison of initial % correct to current % cor-
rect were compared using McNemar’s test. Changes in
self-efficacy ratings for each top 200 drug information
learning objective were compared using the Wilcoxon
signed rank test. For all analyses, differences were con-
sidered significant if p,.05. Kolmogorov-Smirnov tests
were conducted to determine data distribution for all out-
comes analyzed. For all tests analyzed, the results of the
Kolmogorov-Smirnov tests indicated that the distribution
of all outcome variables did not meet the normal distri-
bution assumption (p,.001). Therefore, non-parametric
tests were used with the exception of outcomes with bi-
nomial data (comparison of initial % correct to current %
correct and engagement data across campuses). This
study was approved by the University of Florida Institu-
tional Review Board as exempt from review.

RESULTS
Therewere 122 enrolled in the online SE game in fall

2015. Twenty percent (n524) of students were very ac-
tive and completed the challenge. Sixty-three percent
(n577) were active, and 17% (n521) did not engage in
the challenge at all. Overall, those who engaged in the
online SE game (n5101) completed 2404 question at-
tempts and demonstrated a mean 12% improvement be-
tween the initial attempt at challenge questions (72%) and
the current attempt challenge questions (84%) (Table 1).
There was a significant difference in the percentage of
participants who answered the question correctly on the
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current attempt vs the initial attempt for questions 1 to 9 in
the fall challenge indicating gains in knowledge between
the first and current attempt at a question (Table 1).

There were 114 students enrolled in the spring 2016
online SE game.Twenty-eight percent (n532) of students
were very active and completed the challenge and 45%
(n552) were active. There was a higher percentage of
students (27%, n530) who did not engage in the online
SE game in the spring vs the fall. Overall, those who
engaged in the online SE game (n584) completed 1951
question attempts. There was a smallermean improvement
(5%) between the initial attempt at challenge questions

(80%) vs the current attempt at challenge questions
(85%) (Table 1). Only one question (question 11) focus-
ing on attention-deficit hyperactivity disorder (ADHD)
medications had a significant difference in the percentage
of participants answering the question correctly on the
current attempt vs the initial attempt (p5.02) (Table 1).

Students performed well on both the fall and spring
top 200 drug examinations. Out of 236 students, 235 com-
pleted the fall 2015 examination. One student did not sit
for the examination because they withdrew from the pro-
gram. The mean score on the fall exam was 97%. One
student did not successfully pass the examination because

Table 1. Online SE Game Question Performance

Question Topica Initial Correct (%) Current Correct (%) Improvement (%) p value

Fall 2015 (N5122)
1 Antihypertensive 26 57 31 ,.001b

2 Diuretic 38 68 30 ,.001b

3 Antihyperlipidemic 39 60 21 ,.001b

4 Antianginal 45 67 22 ,.001b

5 Antihypertensive 62 80 18 ,.001b

6 Anticoagulant 73 85 12 .01b

7 Antihypertensive 73 86 13 .003b

8 Antihyperlipidemic 79 94 15 ,.001b

9 Antihypertensive 80 89 9 .01b

10 Anticoagulant 86 92 6 .06
11 Antiarrhythmic 93 96 3 .50
12 Diuretic 88 91 3 .25
13 Antianginal 99 100 1 ..99
14 Antihypertensive 94 94 0 ..99
15 Antihyperlipidemic 99 97 -2 .50

AVERAGE 72 84 12

Spring 2016 (N5114)
1 Antidepressant 58 67 9 .19
2 ADHD 79 80 1 .33
3 Anticonvulsant 82 89 7 .11
4 Antiparkinson 65 72 7 .45
5 Antipsychotic 80 83 3 ..99
6 Anticonvulsant 86 88 2 .18
7 Antidepressant 79 86 7 .75
8 Muscle relaxant 74 82 8 .18
9 Antidepressant 89 93 4 ..99
10 Alzheimer’s 83 83 0 ..99
11 ADHD 84 94 10 .02b

12 Anti-anxiety 87 92 5 ..99
13 Sedative 84 85 1 .38
14 Antidepressant 78 82 4 .25
15 Opioid Dependence 98 98 0 ..99

AVERAGE 80 85 5

Abbreviations: SE5spaced education; ADHD5attention deficit hyperactivity disorder
aTopics represent the drug classification that was the focus of the question. For example, a question asking about the brand name of simvastatin
would be classified as an antihyperlipidemic question
bMcNemar’s test was used to determine significance, defined as p,.05, between initial correct % and current correct %
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they scored below an 80%. The student successfully
passed on the second attempt of the examination. Students
performed similarly for the spring 2016 examination with
a mean exam score of 94%. A higher proportion of stu-
dents (11 out of 231 students taking the examination) did
not meet the passing threshold score of 80% for the spring
examination. Similar to the fall semester, each student
passed on the second attempt.

When evaluating differences in top 200 drug exam-
ination scores across levels of student engagement
with the online SE game, the Kruskall-Wallis test re-
sults demonstrated a statistically significant difference
on fall examination scores across the three engagement
levels (x258.8, p5.01), while no significant difference
occurred for the spring examination scores (x255.8,
p5.06). Follow-up procedure results showed that for
fall examination scores, studentswhowere very active in
the online SE game vs those who were active (x2529.4,
p5.01) or had not started the challenge (x2530.2,
p5.02) performed significantly better on the fall exam-
ination scores. However, mean examination scores were
high overall across each engagement level (very active
mean598%; active mean597%; not started mean596%).
There was no difference in which semester the online
SE game was assigned (fall or spring) and student per-
formance on the cardiovascular drug question subset
on the fall or spring examination (p..05). Like the over-
all examination scores, the mean score on the cardio-
vascular drug question subset (n525 questions) was
high in both the fall (97%) and spring semesters
(90%). To determine any difference in levels of engage-
ment by campus, the 3 x 3 crosstab with Pearson chi-
square test was conducted. Results showed a significant
difference existed across levels of variables (p,.05).
However, when follow-up procedures including resid-
ual analysis with Bonferroni adjustment were com-
pleted, all the p values were larger than the adjusted
significance level of .0056, indicating no significant
difference in engagement levels by campus.

Forty of the 236 students enrolled in the online SE
game completed the voluntary survey (response rate517%).
Two students did not complete all survey questions, there-
fore the data from 38 students were analyzed to compare
self-efficacy before and after use of the online SE game.
Sixty percent of students had no (n524) or very little (0 to
2 years) (n513, 33%) experience in a community phar-
macy setting. Ninety percent of students (n536) had no
history of hospital experience. For all four learning ob-
jectives associated with the top 200 drug knowledge,
there was a significant (all p,.001) positive change be-
tween the pre-test and post-test, indicating that partici-
pants’ level of self-efficacy increased after use of the

online SEgame (Table 2). Sixty percent of students agreed
or strongly agreed that the online SE game allowed
them to study at times they wouldn’t normally engage
in studying the top 200 drug information. Students also
agreed or strongly agreed (62%) that use of the online SE
game allowed them to study in places or locations they
wouldn’t study (eg, while at the grocery store, movies,
etc.). Sixty-eight percent of students preferred using the
online SE game to the Sigler Drug Cards for studying the
top 200 drug information. Eighty-four percent indicated
they would like to participate in challenges using the
online SE game in other courses. Student comments on
aspects of the online SE game they liked most and least
were analyzed for themes. Students most enjoyed the
question format, immediate feedback on their answers,
the competitive aspect of the challenge, and that it made
studying fun. Students least enjoyed the low number of
questions included in the challenge, lack of question var-
iation (ie, challenge focused on just one drug category),
infrequent question delivery, and lack of open access to
questions already completed for further study.

In addition to the online SE game, 66% of respon-
dents (n525) studied using the Sigler Drug Cards 1 to 2
days per week and 64% (n523) held study sessions last-
ing 0 to 30 minutes. Fifty-six percent of students (n520)
spaced their study of the assigned drugs each week; how-
ever, 25% (n59) admitted to studying the top 200 drug
information the week prior to the examination. Students
who did not use the Sigler Drug Cards (17%, n56) in-
dicated they used other study methods including home-
made flashcards (42%, n514), theAccess Pharmacy: Top
200 Drugs Challenge, and other study aids (39%, n513).
Students who selected other study aids most frequently
entered “quizlets” as their study method.

DISCUSSION
Modern curricula within pharmacy education should

provide teaching and learning methods that engage stu-
dents, promote self-directed learning, and address diverse
learning needs.1 Despite the prevalence of these themes in
pharmacy and health professional education, the best way
to promote self-directed learning and improve student
engagement in learning is not well-established.15 The
use of active learning techniques and educational games
have been suggested as methods to promote self-directed
learning and engagement.16,17 Educational gamesmay be
of increased interest among today’s learners, many of
whom are digital natives and desire the “unforced learn-
ing” opportunities afforded by games within education.18

Although educational games are effective in engaging
students, most studies that have evaluated games within
pharmacy education have focused on student perception
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of gaming activity instead of learning outcomes or exam-
ination scores.17

This study provides an evaluation of whether the use of
an online SE game contributed to improvements in top 200
drug examination scores or gains in knowledge in top 200
drug information. While there was a significant improve-
ment in student performance on a majority (9 out of 15) of
MCQs in the fall challenge, there was less improvement (1
out of 15) on theMCQs in the spring challenge. The level of
student engagement in the fall challenge was significantly
associated with performance on the fall top 200 drug exam-
ination; however, this finding is of debatable educational
significance asmean scores in each engagement group were
high (means for very active, active, and not started were
equivalent to an“A” in thecoursegradingscale).Differences
in the spring top 200 drug examination scores across varying
levels of student engagement were not significant, so this
effect did not persist throughout the year. Overall, there
was a higher percentage of participants who did not engage
with theonlineSEgame in the spring (27%)vs the fall (17%)

in addition to having less improvement in performance on
spring challengeMCQs.Additionally, a higher proportion of
students did not successfully pass the top 200 drug exami-
nation score threshold of$ 80%. It is unknownwhat factors
led to less engagement and poorer performance in the spring
semester. It is possible that students at this point in the aca-
demic year were struggling with competing demands on
their studying time from other courses in the curriculum,
several of which were complex science-based courses.

Allocation to the fall online SE game that focused on
cardiovascular agents from the top 200 drugs did not cor-
relate with improved performance on either the subset of
cardiovascular agent questions on the fall or spring exam-
ination. This finding was unexpected as the online SE
game format has been associated with improved retention
of clinical knowledge in medical students.19 Overall, per-
formance on both the fall and spring top 200 drug exam-
inations and the subset of cardiovascular questions on
each examination was high; therefore, it may have been
difficult to discern a difference in performance in those

Table 2. Changes in Student Self-Efficacy After Using Online SE Game to Study the Top 200 Drugs (N538)

Confident/Very
Confident, No. (%)

Likert Score,a Percentiles

Criteria

Pre- Post-

Mean rankb p valuePre- Post- 25th 50th 75th 25th 50th 75th

Recognize the brand name of
commonly used medications
in the community pharmacy
setting.

6 (16) 20 (53) 1.0 2.5 4.0 4.0 5.0 5.3 17.0 ,.001c

Recognize the generic name of
commonly used medications
in the community pharmacy
setting.

7 (18) 23 (61) 1.8 3.0 4.0 4.0 5.0 5.3 16.5 ,.001c

Define the common indication
(s) of commonly used
medications in the
community pharmacy
setting.

4 (11) 23 (6) 1.8 2.0 4.0 4.0 5.0 5.0 17.0 ,.001c

Define the medication class of
commonly used medications
in the community pharmacy
setting.

3 (8) 24 (63) 1.0 2.0 4.0 4.0 5.0 5.0 17.5 ,.001c

Abbreviations: SE5spaced education
aLikert scale range 1 to 6 where 15very unconfident; 25unconfident; 35somewhat confident; 45somewhat confident; 55confident; 65very
confident
bMean ranks reported here were positive ranks from Wilcoxon signed rank test, indicating the post-test scores were larger than pre-test score for
each pair
cWilcoxon signed rank test was used to determine significance, defined as p, 05, between mean rank of Likert scale score pre- and post-use of the
online SE game to study the top 200 drugs
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who engaged with the online SE game vs those who did
not. The nature of the top 200 drug information knowl-
edge assessed in the P1 curriculum is relatively straight-
forward (eg, brand/generic name, indication) vs the more
complex content tested in published studies using the
SE game.13,19 A potential area of future study may
evaluate whether use of the online SE game affects
performance or knowledge retention on more advanced
pharmacy topics or top 200 drug information in later
years of the curriculum.

Student perceptions of the online SE game for study-
ing top 200 drug information were positive. Despite the
lack of significant correlations between online SE game
use and overall examination performance, students en-
gaged with the online SE game more than expected. This
was a voluntary study resource and use was high in both
the fall (83% participation) and spring (73% participa-
tion) semesters. The use of this online SE game may be
preferable to today’s digital natives vs other self-directed
learning formats (eg, practice examinations, researching
drug information) used for top 200 drug information in
pharmacy education.3-5

A majority (93%) of respondents to the survey indi-
cated little or no pharmacy experience. While the response
rate to the survey was low and may not be representative of
all students who engaged with the online SE game, it was
an unexpected finding. Historically, about 30% to 40% of
students admitted to the doctor of pharmacy program have
some degree of pharmacy experience, therefore it was ex-
pected that respondents would indicate a higher degree of
pharmacywork experience. Greene and colleagues reported
that students with little or no pharmacy experience had the
lowest final grades in a top 200 drug course.6 They suggest
that course instructors identify students with little or no pre-
pharmacy work experience as these students may have
a more difficult time with the top 200 drug information
content.6 It is possible that students who found the most
value from using the online SE game and responded to the
survey were those with less pharmacy experience. Instruc-
torsmay consider offering additional study resources for the
top 200 drug information to those students who lack phar-
macy work experience when entering the curriculum.

From the faculty perspective, the use of the online SE
game was a relatively simple program to deploy in the
course. Each challenge using the online SE game was
designed in approximately 4 hours by one facultymember
with use of an existing bank of the top 200 drug informa-
tion questions written for the course. Once the challenge
was initiated, there was minimal oversight by the faculty
despite the large class size (n5236) of the course. The
amount of faculty time needed to deploy an educational
game in a coursemay be an important factor to consider as

the demand on faculty for improving student engagement
must be balanced with other responsibilities such as clin-
ical practice, scholarship, and service commitments.15

The online SE game requires a subscription fee based
on the number of users, whichmay be a limiting factor for
some programs that do not have funds available to pur-
chase such educational resources. However, other online
programs are available (eg, Memrise app) without a sub-
scription fee and allow for similar game mechanics and
student competition. Since the first offering of the Pro-
fessional Practice Skills Laboratory course in 2015, the
online SE game is still used as a study resource for the top
200 drugs. Based on student feedback from the survey and
general course feedback, the number and categories of
questions provided in the online SE game challengeswere
increased. Another instructor is planning to use the online
SE game to assist students with self-directed study of
pharmaceutical calculations, which is another curricular
thread with milestone examinations.

There are several limitations to this study. As PPSL I
and PPSL II were new courses, no historical information
on top 200 drug examination performance is available for
comparison to determine if the introduction of the online
SE game made any difference in overall class perfor-
mance on examination scores. Students were also not
limited to use of the online SE game to study top 200 drug
information. Therefore any effect of the online SE game
on challenge or examination performance may be diluted
by student exposure to other study resources. The re-
sponse rate to the self-efficacy and perception survey
was low and may not be generalizable to all students
who used the online SE game in the course. Finally, given
the high overall performance on both the fall and spring
top 200 drug examinations, discerning differences in ex-
amination performance or long-term retention of drug in-
formation using the online SE game may be difficult.

CONCLUSION
The online SE game was a well-received voluntary

study resource for top 200 drug information within a P1
skills laboratory course. Despite a high level of student
engagement with the online SE game, it did not signifi-
cantly affect top 200 drug examination performance or
retention of top 200 drug information in those who used
the game vs those who did not. Students using the online
SE game had significantly improved self-efficacy in their
ability to recognize brand, generic, and indications for top
200 drug information and preferred the online SE game to
other study methods for top 200 drug information. Future
studies may evaluate the use of the online SE game with
more complex pharmacy topics that allow for greater dif-
ferentiation of student performance due to the difficulty
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of the material. Additional studies may consider evaluat-
ing differences in student engagement if use of the online
SEgamewas required or determining factors that increase
student engagement in use of self-directed educational
games as a study resource.
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Appendix 1. Survey Questions to Evaluate Student Use and Perceptions of an Online SE Game

Demographic Information
Student identifier (email address)
Please indicate your work experience in a community pharmacy setting (eg, Walgreens, CVS, Rite Aid, or independent
community pharmacies).

Please indicate your work experience in a hospital pharmacy setting.
Self-Efficacya

For each of the behaviors listed below, please rate your confidence in performing the behavior BEFORE completing the QStream
challenge.
Recognize the brand name of commonly used medications in the community pharmacy setting.
Recognize the generic name of commonly used medications in the community pharmacy setting.
Define the common indication(s) of commonly used medications in the community pharmacy setting.
Define the medication class of commonly used medications in the community pharmacy setting.

For each of the behaviors listed below, please rate your confidence in performing the behavior AFTER completing the QStream
challenge. Same objectives as Question 4 above.

Perceptionb

The QStream challenge allowed me to study at times I normally wouldn’t study top 200 drug information (eg, first thing in the
morning before class when you received email notification).

The QStream challenge allowed me to study in places or locations I wouldn’t normally study top 200 drug information (eg,
answering questions on phone while at grocery store, movies, etc.).

I preferred use of the QStream instead of the Sigler Drug Cards for studying top 200 drug information.
I would like to participate in Qstream challenges within my other courses.

Open-Response
What aspect of the QStream challenge did you enjoy the most?
What aspect of the QStream challenge did you enjoy the least?

Top 200 Drug Study Habits
Did you share your emailed QStream questions to classmates that weren’t enrolled in this semester’s QStream challenge?
If you purchased Sigler Drug Cards, on average, how often did you study the assigned drugs this semester?
If you studied using the Sigler Drug Cards, on average, how long did your study sessions last?
If you studied the Sigler Drug Cards, what were your patterns of study prior to the top 200 drug examination this semester?
Please choose the statement you agree with the most.

Please indicate which of the following additional resources you may have used to study top 200 drug information (check all that
apply):
Access Pharmacy: Top 200 drugs challenge
Access Pharmacy: Top 300 drugs flashcards
Homemade flashcards
Memrise app
Other (open response box provided)

Abbreviations: SE5spaced education
aSelf-Efficacy ratings were evaluated using a 6-point Likert scale (15 very unconfident, 25unconfident, 35somewhat unconfident, 45somewhat
confident, 55confident, 65very confident)
bPerception ratings were evaluated using a 5-point Likert scale (15strongly disagree, 25disagree, 35neutral, 45agree, 55strongly agree)
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